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Abstract
The structure of trizinc diorthoborate is shown to crystallize in the centrosymmetric space group 12/e, and not in Ie as assumed by GARCIA-BLANCO and FAYOS (1968) Introduction GARCIA- BLANCO and FAYOS (1968) determined recently the crystal structure of Zna(BOa)2. The structure as described by them contains an unusual feature: the range of the values of bond lengths, which should be chemically equivalent, is large. The spread is 1.86 to 2.13 A for Zn-O, and 1.22 to 1.54 A for B-O bonds and thus larger than for any known, well refined structure containing such bonds. Such a range can neither be explained by edge-sharing considerations (PAULING, 1960) , since only one of the polyhedral edges is shared, nor can it be explained by the extended electrostatic valence rule because the charge of all the oxygen atoms is exactly the electrostatic bond strengths received from the Refinement of the crystal structure GARCIA-BLANCO and FAYOS claim that the refinement of their data to an R of 13.20/0 (excluding the 15 largest FObs) in space group Ie is final proof that the structure is acentric. The only indication they find for a higher symmetry is what they call a "pseudosymmetry in (010) projection with a false center in position it". More careful inspection of the illustrations of the structure reveals, however, the presence of the following approximate symmetry elements: a two-fold axis in OyO, a two-fold screw axis in iyi and centers of symmetry in OOi and iiO. That means that all symmetry elements of space group I2/e are present if one allows shifts of a few hundredth of a cell edge in the positional parameters. Consequently we employed the Fobs measured by GARCIA-BLANCOand FAYOS in a refinement based on space group I2/e. As starting parameters we used the values for the unprimed atoms of their Table 3 ; however we shifted the origin of the unit cell by 3/4 in the e direction. All atoms are thus in the general eight-fold position of I2/e with (000; t H) ::1::: (x y z; X:lf t + z).
The unit-cell dimensions determined by GARCIA-BLANCOand FAYOS (a = 23.406, b = 5.048, e = 8.381 A and fJ = 97.53°) were used.
All B values were set initially at 1 A2. The scattering-factor curves for B+1, 0-1 and Zn+2 from the International Tables, vol. III (1962) were employed in the structure-factor calculations. A Hughes-type weighting scheme was applied In the refinement. The conventional R value for the first structure-factor calculation was 0.24. This dropped after four cycles of full-matrix least-squares refinement to 0.151. If the 15 strongest reflections, which were gIven zero weight in the refinement, are left out, R equals 0.133. The final parameters are listed in Table 1 . The Fobs'S given by GARCIA -BLANCO and FAYas (1)-0(1) 1.99 (1) Zn (2)-0(2) 1.98(1) Zn (1)-0(1) 2.00(1) Zn(2)-0(6) 2.02 (1) 0(2)-0(3) 3.24(2) 113.8°(5) 0(3)-0(4) 3.38(2) 121.8 (5) 0(2)-0(1) 3.58 (2) The space group and crystal structure of trizinc diorthoborate 217 Table 3 . (Continued) are compared with the calculated structure factors in Table 2 . The fact that the crystal structure could be refined in the centric space group (with half as many parameters as in the acentric one) to essentially the same R value as in the acentric case shows that the centric space group is to be preferred. It is striking that all B values 'are either small or negative (however not significantly negative if one considers the large estimated standard deviations); most likely this is correlated with the fact that the data were not corrected for absorption.
Further proof that the structure is more properly described in the centric space group comes from the fact that the bond lengths and angles (Table 3 ) now conform better with commonly accepted values. The reason that the bond-length values diverge so pronouncedly in GARCIA-BLANCOand F AYOS acentric refinement is that the parameters of the atom pairs which should be related by a center of symmetry, but are not, are very highly correlated. Consequently they can be adjusted by large amounts in opposing, mutually compensating, directions.
We proved this point by refining by full-matrix least-squares methods GARCIA-BLANCOand FAYOS'S acentric model. It refined to an R of 0.120, but at the same time the correlations of most of the x and z parameters of the corresponding pairs of atoms became large. The shifts in' parameters through four cycles of least-squares calculations remained large; on the average the shifts were bigger than one half the estimated standard deviations. And, what is even worse, many parameters tended to oscillate around a mean value. The bond distances were not improved by this further refinement in space group Ie. The spread of Zn-O bond-length values was 1.85 to 2.07 A, while those of the B-O bond lengths was 1.18 to 1.55 A. Some of the bond lengths which were the longest ones in GARCIA-BLANCOand FAYOS'S refinement of the structure became the shortest ones in our refinement in space group Ie.
Discussion of the crystal structure
The topological connections of the coordination polyhedra remain unaltered by the refinement in the more highly symmetric space group. Therefore, Fig. 4 , 5 and 6 in GARCIA-BLANCOand FAYOS'S paper are still a correct description of the crystal structure. However, individual bond lengths were changed by the refinement in extreme cases by 0.1 A or more. Zn(1) [6] 3.234 (2) 2.70 (2) 82 (1) 77 (1) edge (PREWITT et al., 1967) . The deviations of the individual distances from the mean are in some cases statistically significant. However, it is difficult to decide whether or not the accuracy of the structure determination is sufficient to accept these deviations as proved, because the intensity data have not been corrected for absorption.
A remarkable feature of the crystal structure is the common edge between the two Zn(1) tetrahedra connected by the two-fold axis. A shared edge between two coordination tetrahedra around multivalent cations usually should not occur according to PAULING'S (1960) third rule for ionic crystals. The occurrence in ZnS(BOS)2 adds another example to the short list of exceptions. Our search of the literature produced only one example of a crystal structure with a comparable arrangement involving Zn atoms, namely exZns(P04h (CALVO, 1965) , where the geometry around the shared edge is virtually the same as in ZnS(BOS)2. The geometry is already different in {3Zns(P04h (STEPHENS and CALVO, 1967) where the coordination around Zn (1) would be more properly described as 4 + 1 since a fifth oxygen atom at a distance of 2.55 A from the Zn atom is present. These coordinations and a few other ones involving common edges between Zn coordination polyhedra are listed in Table 4 . The geometry of the shared edges is somewhat similar in all cases irrespective of the coordination around the Zn atoms. For comparison we have listed three of the Zn-Zn distances between corner-sharing coordination tetrahedra. These Zn-Zn distances are of similar length to those involving shared edges. This is made possible by the distortion around the common edge: the 0-0 distances are relatively short, the angles O-Zn-O are small, and the distances ZnO-are usually longer than the average.
The sums of the bond angles around the oxygen atoms are all close to 3600 (Table 5) . Therefore, the cation coordination around the oxygen atoms is, to a first approximation, planar.
Conclusion
Despite the fact that the crystal structure of Zn3(B03)2 can be refined to a lower R value in space group Ie, than it can be in I2je, we prefer the latter one because in the centro symmetric space group the resulting crystal structure is more reasonable on crystal-chemical grounds and because the refinement process is free from oscillations and correlations.
